Local and systemic coagulation activation is a hallmark of advanced malignancies. 1,2 Cancer cell-expressed tissue factor (TF) is a major procoagulant stimulus in cancer-associated thrombosis, and tumor cell TF expression is correlated with tumor progression in several experimental tumor models (reviewed in Schaffner and Ruf 3 ). Although thrombin generated in the course of coagulation supports hematogenous metastasis 4 and regulates angiogenesis and the tumor microenvironment, 5 several lines of pharmacological and genetic evidence show that direct signaling of TF plays a pivotal role in cancer progression and angiogenesis.
Introduction
Local and systemic coagulation activation is a hallmark of advanced malignancies. 1, 2 Cancer cell-expressed tissue factor (TF) is a major procoagulant stimulus in cancer-associated thrombosis, and tumor cell TF expression is correlated with tumor progression in several experimental tumor models (reviewed in Schaffner and Ruf 3 ). Although thrombin generated in the course of coagulation supports hematogenous metastasis 4 and regulates angiogenesis and the tumor microenvironment, 5 several lines of pharmacological and genetic evidence show that direct signaling of TF plays a pivotal role in cancer progression and angiogenesis.
The TF-VIIa complex cleaves the G protein-coupled protease activated receptor (PAR) 2 6 and triggers breast cancer cells to produce a diverse repertoire of angiogenic regulators and immunemodulatory cytokines. [7] [8] [9] The cleavage of PAR2 activates G␣q, G␣12/13, and G␣i, and termination of signaling occurs upon internalization of the receptor that is initiated by the binding of ␤-arrestins to phosphorylated residues on the C-terminus of G protein-coupled receptors. ␤-arrestins also promote G-protein independent signaling by serving as a scaffold for activating the extracellular regulated kinases (ERK) pathway. 10 The coupling of ␤-arrestin to PAR2 results in the dephosphorylation of cofilin, which leads to the severing of actin filaments. 11 Thus, the activation of the noncanonical pathway through ␤-arrestin promotes breast cancer motility. [11] [12] [13] [14] The TF-VIIa-signaling complex is associated with integrins and regulates ␣3␤1-dependent migration in a crosstalk that involves the TF cytoplasmic domain in noncancerous epithelial cells. 15 In cancer cells, TF is constitutively associated with ␤1 integrins that regulate TF-VIIa-PAR2-mediated induction of proangiogenic chemokines. 16 Importantly, a unique monoclonal antibody to human TF without significant anticoagulant properties specifically disrupts the interaction of TF with integrins, TF-VIIa-PAR2 cell signaling, and the growth of human breast cancer xenografts in mice, 16 demonstrating that TF-PAR2 signaling is a potential therapeutic target for cancer therapy.
Although breast cancer cell PAR1 signaling is deregulated to increase invasiveness 17, 18 and is partially overlapping with TF-PAR2 signaling in promoting transcriptional responses, 8 only PAR2 deficiency significantly delays the progression from adenoma to adenocarcinoma in the polyoma middle T (PyMT) model of spontaneous breast cancer development. 19 In this mouse model, the oncogenic middle T-antigen protein is expressed under a mammary-specific promoter, and mice expressing the transgene develop tumors in all mammary glands. Tumor progression resembles the human disease 20 at the molecular level (eg, downregulation of the estrogen and progesterone receptors) and, due to the relatively slow development, allows the study of complex interactions between the host and tumor cells. Because postnatal, hypoxia-induced and transplanted tumor angiogenesis is unaffected in PAR1 Ϫ/Ϫ or PAR2 Ϫ/Ϫ mice, 19, 21 the delayed vascularization of PyMT/PAR2 Ϫ/Ϫ tumors is most consistent with impaired tumor cell proangiogenic signaling. Accordingly, blocking TF-PAR2 signaling specifically on tumor cells reduces microvessel density in xenograft tumors. 16 In the present study, reconstitution experiments in PyMT PAR2 Ϫ/Ϫ breast cancer cells directly show that tumor cell PAR2 signaling supports tumor growth and angiogenesis.
TF is expressed by multiple cell types in the tumor microenvironment, including tumor-associated macrophages, endothelial cells, and fibroblasts. 3 Host cell-derived TF makes independent contributions to tumor development of transplanted teratomas, 22 and in models of hypoxia-induced angiogenesis, TF cytoplasmic domain-deleted mice (TF ⌬CT mice) display accelerated angiogenesis, a phenotype that is reversed by simultaneous deficiency in PAR2. 23 Although the TF cytoplasmic domain has been implicated in the growth of certain tumors 24 and hematogenous tumor dissemination, 25, 26 it is unknown whether signaling of the TF cytoplasmic domain is restricted to the host compartment in breast cancer progression. Clinical breast cancer biopsies show a marked up-regulation of both PAR2 and TF antigen in invasive tumor cells. 27 PAR2 activation induces TF cytoplasmic domain phosphorylation, 28 and TF phosphorylation is detectable in wildtype (WT), but not PAR2 Ϫ/Ϫ PyMT, tumor cells. Remarkably, phosphorylation of the TF cytoplasmic domain is also detectable in clinical breast cancer samples and correlated with breast cancer relapse. 27 Considering these clinical findings, we set out to characterize the contributions of the TF cytoplasmic domain to spontaneous breast cancer development in the PyMT model. These experiments in PyMT TF ⌬CT and PyMT TF ⌬CT /PAR2 Ϫ/Ϫ doubledeficient mice provide new insight into the interplay of TF cytoplasmic domain and PAR2 signaling in breast cancer cell and host angiogenic responses.
Methods

Mice
PyMT C57BL/6 WT, PyMT C57BL/6 TF ⌬CT , and C57BL/6 TF ⌬CT / PAR2 Ϫ/Ϫ mice were generated by crossing with C57BL/6 PyMT mice. 19 Cohorts of PyMT-WT, TF ⌬CT , and TF ⌬CT /PAR2 Ϫ/Ϫ mice were monitored weekly for tumor appearance and sizes of mammary glands. Tumor volumes were calculated using the formula v ϭ 0.5*(length ϫ width 2 ). Mice were killed when the size of the largest tumor exceeded institutional guidelines. Tumors and lungs were harvested and either fixed in Zinc fixative for immunohistochemistry or snap frozen for RNA extraction. Lung metastases were quantified as described. 19 All animal experiments were performed under approved protocols of the The Scripps Research Institute Institutional Animal Care and Use Committee.
Generation of PAR2-replete tumor cells
PAR2 Ϫ/Ϫ mammary carcinoma cells established from PyMT-PAR2 Ϫ/Ϫ mice 19 were in vivo selected once in the mammary fat pad and used after re-isolation at early passages for reconstitution experiments. PAR2 Ϫ/Ϫ cells were transduced with either the control virus encoding the DS-Red fluorescent protein (Mock) or the virus expressing either mouse WT PAR2 (PAR2 WT ) or PAR2 Ser365Ala (PAR2 ⌬ARR ), which lacks the phosphorylation site required for ␤-arrestin binding. 29 Transduction efficiency was quantified by measuring DS-Red fluorescence by flow cytometry.
Signaling assays
Mock, PAR2 WT , or PAR2 ⌬ARR cells were plated and serum-deprived for 24 hours. Cells were then stimulated with the PAR2 agonist peptide SLIGRL (100M), trypsin (10nM), murine VIIa (5nM), 30 
Flow cytometric analysis
Mock, PAR2 WT , or PAR2 ⌬ARR cells were harvested with trypsin. The cells were stained with fluorophore-conjugated monoclonal rat anti-mouse TF antibody 11F6 for 30 minutes on ice. 27 This antibody was generated in the laboratory against recombinant mouse TF extracellular domain and confirmed to be nonreactive with TF-negative mouse tumor cells. After 2 washes with phosphate-buffered saline (PBS)/fetal calf serum (FCS) 2%/1mM EDTA (ethylenediaminetetraacetic acid), the cells were fixed with 1% paraformaldehyde (PFA). Flow cytometric results were analyzed with FlowJo 8 (TreeStar).
Orthotopic tumor growth
Mock, PAR2 WT , or PAR2 ⌬ARR cells (5 ϫ 10 5 cells in 50 L of serum-free medium) were injected into the second left mammary gland of female C57BL6/J mice. Tumor volumes were measured twice weekly with a caliper, as described in the first paragraph. When tumors reached institutional size limits, mice were killed, tumor weights were determined, and tumors were fixed in Zinc fixative for histology.
Histology
Fixed tumors were embedded in paraffin. Tumor sections (5 m) were deparaffinized in xylene and rehydrated in alcohol. Sections were blocked with 5% bovine serum albumin (BSA)/0.2% Tween-20 for 1 hour and stained overnight in the cold with primary anti-CD31 (BD Biosciences), specific for murine endothelial cells, or anti-F4/80 (Caltag), a macrophage marker, or anti-platelet-derived growth factor receptor (PDGFR)-␤ (eBioscience). Specific biotinylated secondary antibody (Vector Laboratories) was added for 1 hour, and staining was visualized with either avidin-biotinperoxidase complex (ABC) reagent using 3,3-diaminobenzidine to develop horseradish peroxidase or Alexa-488 conjugated to streptavidin (Molecular Probes). Sections were counterstained with either hematoxylin and then dehydrated and mounted in Permount (Fisher Scientific) embedding medium or with DAPI (4,6 diamidino-2-phenylindole) and mounted with fluorescent medium (Dako). Phospho-histone H3 (Cell Signaling Technology) staining used paraffin sections that were deparaffinized in xylene and rehydrated in alcohol. Sections were boiled in citrate buffer pH 6 for 10 minutes, blocked with Tris (tris(hydroxymethyl)aminomethane)-buffered saline (TBS)/5% goat serum for 1 hour, and reacted with anti-phospho-histone H3 overnight in the cold. Primary antibody was detected with biotinylated anti-rabbit antibody followed by Alexa-546-conjugated streptavidin and DAPI counterstaining of nuclei in fluorescent mounting medium. Masson trichrome staining was performed according to the manufacturer's protocol (Sigma-Aldrich). Tumor grading was performed blindly according to Lin et al. 20 A Nikon laboshot microscope with 6.3ϫ/0.2 or 16ϫ/0.4 objectives and Qimagig, FAST 1394 was used for Masson and F4/80 imaging. Images were then processed with Photoshop CS4. For microvessel density, pericyte coverage, and phospho histone 3 quantification, a Zeiss LSM 710 laser scanning confocal microscope with 40ϫ oil-PlanNeoFluor-1.3na objective and Zen 2009 software were used. Vessel counts were quantified with the Imaris Version 7 software (BitPlane Inc) in at least 4 randomly chosen fields from each tumor specimen. Tumor and vessel areas were quantified with Image Pro Plus 7 (Media Cybernetics Inc) as described. 31 In the trichrome staining, the hematoxylin and eosin staining was used to define tumor area. For fibrotic tumors, the blue collagen staining was removed from the quantification of tumor areas by adjusting the threshold. Colocalization of CD31 and PDGFR-␤ staining was quantified with Imaris.
Statistical analysis
A log rank test was performed to establish differences in tumor appearance (Prism Version 5, GraphPad Software). Analysis of variance (ANOVA) followed by t test was performed to compare groups, and P Ͻ .05 was For personal use only. on October 22, 2017. by guest www.bloodjournal.org From considered as a significant difference. The 2 analysis of goodness of fit was used to evaluate histological differences in tumor progression, as described. 19 
Results
PAR2 reconstitution of PyMT PAR2 ؊/؊ cells restores aggressive tumor growth and increases tumor angiogenesis
We had previously isolated PyMT PAR2 Ϫ/Ϫ breast cancer cells that showed reduced subcutaneous tumor growth at the same cell dose as WT counterparts in either WT or PAR2 Ϫ/Ϫ host mice. 19 Tumor growth experiments with PyMT WT and PAR2 Ϫ/Ϫ cells placed into the mammary fat pad confirmed reduced aggressiveness of PyMT PAR2 Ϫ/Ϫ cells in the orthotopic tumor microenvironment ( Figure  1A ). All subsequent experiments were carried out with tumor cell populations that were adapted by in vivo passages through the mammary fat pad. Tumor cell TF-VIIa-PAR2 signaling induces proangiogenic cytokines 8, 9, 16 or promotes breast cancer motility through ␤-arrestin recruitment. 12, 13 We therefore reconstituted PyMT PAR2 Ϫ/Ϫ cells with murine WT PAR2 (PAR2 WT ) or a single amino-acid (Ser 365 to Ala) replacement mutant of murine PAR2 (PAR2 ⌬ARR ) that lacked a conserved protein kinase C (PKC) phosphorylation site. This site was previously shown to mediate ␤-arrestin recruitment and G protein-independent ERK1/2 scaffolding of human PAR2, 29 although presumably G protein-coupled receptor kinase-mediated phosphorylation of the Ser-rich carboxyl terminus of PAR2 also contributes to arrestin binding. 32 PAR2 was delivered with retroviral constructs that coexpressed the DS-Red fluorescent protein for direct monitoring of transduction efficiency. Equivalent reconstitution with PAR2 or PAR2 ⌬ARR had no effect on the cell surface expression of TF, excluding major phenotypic changes after the restoration of PAR2 signaling ( Figure  1B) . PAR2-dependent induction of the proangiogenic cytokine CXCL1 by the PAR2 agonist peptide SLIGRL ( Figure 1C ) was efficiently restored by transduction with both PAR2 WT and PAR2 ⌬ARR . CXCL1 was also induced after proteolytic cleavage of PAR2 with trypsin, TF-VIIa, or the ternary TF-VIIa-Xa complex, indicating that PAR2 is cell surface-expressed and accessible to extracellular proteases.
Orthotopic tumor growth of mock-, PAR2 WT -, or PAR2 ⌬ARR -transduced cells was characterized in 3 independent experiments. A typical tumor growth curve is shown in Figure 2A and the final tumor volumes for each experiment are shown in Figure 2B . Reconstitution with either PAR2 WT or PAR2 ⌬ARR reproducibly enhanced tumor growth in the mammary fat pad, indicating that the restoration of proangiogenic chemokine induction was sufficient for a more aggressive tumor growth phenotype of PAR2-replete cells. Vessel density of end-stage tumors confirmed the expected enhanced angiogenesis in PAR2-replete cells ( Figure 2C ). We also assessed macrophage density and the proliferative index in tumors and found no differences between PAR2 WT -, PAR2 ⌬ARR -, or mock-transduced tumors ( Figure 2D-E) . These data directly showed that tumor cell PAR2 signaling promotes angiogenesis and excluded that PKC-dependent ␤-arrestin recruitment 29 was required for PAR2-dependent breast cancer growth.
Delayed spontaneous breast cancer development in TF ⌬CT mice
In the PyMT model, PAR2 Ϫ/Ϫ mice displayed a delayed appearance of palpable breast tumors and concordant histological findings of slower progression from adenoma to invasive carcinoma in earlystage tumor development. 19 To address if the TF cytoplasmic domain is linked to PAR2 signaling, as suggested by the phospho TF staining in preclinical and clinical samples, 27 cohorts of PyMT TF ⌬CT and PyMT TF ⌬CT /PAR2 Ϫ/Ϫ mice were followed. The appearance of palpable tumors was significantly delayed from a mean of 9 weeks for PyMT C57BL/6 WT controls to 11 weeks for PyMT TF ⌬CT and PyMT TF ⌬CT /PAR2 Ϫ/Ϫ ( Figure 3A) . Tumor burden remained lower throughout the observation period for both PyMT TF ⌬CT and PyMT TF ⌬CT /PAR2 Ϫ/Ϫ mice ( Figure 3B ). Blinded tumor staging of 17 PyMT WT, 17 PyMT TF ⌬CT and 11 PyMT TF ⌬CT /PAR2 Ϫ/Ϫ mice at 11-13 weeks of age showed more advanced disease in WT versus knock-out mice. Hyperplasia or absence of visible tumors in all glands were more prevalent in PyMT TF ⌬CT (82%) and PyMT TF ⌬CT /PAR2 Ϫ/Ϫ (54%) mice than in WT (23%) mice, whereas WT had progressed to the adenoma (53%) and invasive adenocarcinoma (24%) stage significantly more than PyMT TF ⌬CT (18/0%) and PyMT TF ⌬CT /PAR2 Ϫ/Ϫ (27/18%) mice ( 2 analysis P Ͻ .001 WT vs TF ⌬CT , P ϭ .009 WT vs TF ⌬CT /PAR2 Ϫ/Ϫ ). For personal use only. on October 22, 2017 . by guest www.bloodjournal.org From
The initial evaluation of hematoxylin and eosin (H&E)-stained sections of early (11-13 weeks) tumors suggested larger tumor areas in a subpopulation (approximately 40%) of TF ⌬CT /PAR2 Ϫ/Ϫ mice relative to TF ⌬CT mice. However, Masson trichome staining revealed increased extracellular matrix deposition in this subset of TF ⌬CT /PAR2 Ϫ/Ϫ tumors ( Figure 3C ). Staining of 6 independent PyMT PAR2 Ϫ/Ϫ tumors did not detect a similar fibrotic response ( Figure 3C ), indicating a phenotype that is unique to the PyMT TF ⌬CT /PAR2 Ϫ/Ϫ strain. Furthermore, tumors of all strains at late stages showed extracellular matrix deposition, the extent of which was not appreciably different between tumors isolated from PyMT WT, TF ⌬CT , PAR2 Ϫ/Ϫ , and TF ⌬CT /PAR2 Ϫ/Ϫ mice (data not shown).
Trichome-stained sections allowed for quantitative image analysis of tumor-cell areas that at 11-13 weeks showed significantly decreased tumor sizes for both PyMT TF ⌬CT and PyMT TF ⌬CT / PAR2 Ϫ/Ϫ mice relative to WT controls ( Figure 3C ). Thus, TF cytoplasmic domain deletion and PAR2-deficiency produced a comparable and nonadditive effect in delaying the early steps of spontaneous tumor development in the PyMT model. Similar to previous transplanted tumor growth experiments in PAR2 Ϫ/Ϫ mice, 19 PyMT WT breast cancer cells grew indistinguishable in the mammary fat pad of WT or TF ⌬CT host mice (2 independent experiments, data not shown), indicating that tumor cell signaling was mainly responsible for the delayed tumor appearance in PyMT TF ⌬CT mice.
In a heterologous expression model in Chinese hamster ovary (CHO) cells the cytoplasmic domain of TF supports efficient metastasis, 25 but other tumor models metastasize independent of the TF cytoplasmic domain. 33 The large variability of lung metastases in PyMT mice yielded no statistically significant differences, and potential roles of TF cytoplasmic domain and PAR2 signaling in metastasis require additional studies in more robust metastasis models.
Distinct effects of TF cytoplasmic domain deletion and PAR2-deficiency in late-stage PyMT tumors
In the previous characterization of late-stage PyMT PAR2 Ϫ/Ϫ tumors, we found no differences in vessel density or macrophage counts. 19 Considering that the TF cytoplasmic domain influences macrophage signaling 34, 35 and host angiogenic responses, 23 a more extensive evaluation of late stage tumors was performed. Latestage PyMT TF ⌬CT tumors showed significantly larger tumor vessel diameter, based on quantitative image analysis of CD31-stained sections ( Figure 4A-B) . In contrast to the very similar phenotype of delayed early-stage tumor development in PyMT TF ⌬CT mice and PyMT TF ⌬CT /PAR2 Ϫ/Ϫ mice, vessel diameters were more heterogeneous in late-stage PyMT TF ⌬CT /PAR2 Ϫ/Ϫ tumors. Vessel diameters ranged from those observed in WT to the enlarged vessel sizes of PyMT TF ⌬CT mice ( Figure 4A ). Vessel diameter was also assessed in 5 PyMT PAR2 Ϫ/Ϫ tumors, and only 1 of them displayed somewhat larger vessels. Masson trichrome staining showed no appreciable heterogeneity in extracellular matrix depositions for PyMT TF ⌬CT /PAR2 Ϫ/Ϫ tumors (data not shown), indicating that the diverse late-stage tumor vessel appearance was unrelated to this unique feature observed in a subset of early PyMT TF ⌬CT / PAR2 Ϫ/Ϫ tumors.
The vessels of PyMT TF ⌬CT and PyMT TF ⌬CT /PAR2 Ϫ/Ϫ mice also displayed decreased coverage by pericytes compared with WT, as evaluated by anti-PDGFR␤ staining, but PyMT PAR2 Ϫ/Ϫ tumors were indistinguishable from WT in this respect ( Figure 4C) .
Notably, the recruitment of F4/80 ϩ macrophages was substantially reduced in PyMT TF ⌬CT and TF ⌬CT /PAR2 Ϫ/Ϫ tumors versus PyMT WT or PyMT PAR2 Ϫ/Ϫ tumors ( Figure 4D-E) . Thus, early PyMT tumor development in TF ⌬CT , PAR2 Ϫ/Ϫ , and TF ⌬CT /PAR2 Ϫ/Ϫ mice is delayed similarly, but TF cytoplasmic domain deletion and PAR2-deficiency produce different vessel phenotypes in late stage tumors, possibly originating from signaling in the host macrophage compartment.
Discussion
TF is part of the tumor cell genetic program that is induced by multiple oncogenic transformation events during cancer progression, 36 but it remains incompletely understood how the embedding in cancer cell-signaling networks contributes to TF's partially overlapping roles in supporting angiogenesis and the tumor microenvironment. 19, 23 Recent data from experimental tumor models and primary clinical breast cancer demonstrated a close correlation of cancer relapse, PAR2 expression, and phosphorylation of the TF cytoplasmic domain. 27 Here we provide evidence that these associations are not merely correlative, but rather have functional implication for breast cancer development in vivo.
In the PyMT model, the deletion of the TF cytoplasmic domain phenocopied the delayed tumor progression of PAR2 Ϫ/Ϫ mice 19 and the similar phenotype of double-deficient TF ⌬CT /PAR2 Ϫ/Ϫ mice further link TF and PAR2 signaling in the spontaneous development of invasive breast cancer. In early stages of this model, PyMT PAR2 Ϫ/Ϫ , TF ⌬CT , and TF ⌬CT /PAR2 Ϫ/Ϫ mice are characterized by a persistence of adenoma and a delayed development of invasive carcinoma that is dependent on the angiogenic switch. 20 Reconstitution experiments with PyMT PAR2 Ϫ/Ϫ cancer cells further directly show that autonomous tumor cell PAR2 signaling promotes angiogenesis. By mutagenesis, we delineate that proangiogenic PAR2 signaling is independent of ␤-arrestin-dependent ERK1/2 scaffolding that requires phosphorylation of a conserved PKC phosphorylation site. Taken together, these data demonstrate contributions to a similar pathway and support a critical cooperation of PAR2 and TF cytoplasmic domain signaling in promoting angiogenesis in breast cancer development.
Although TF ⌬CT and PAR2 Ϫ/Ϫ mice were remarkably similar in early stages of spontaneous breast cancer progression in the PyMT model, there were differences in these 2 knockout strains in advanced tumors. TF ⌬CT tumor vessel diameters were larger, and PAR2-deficiency of TF ⌬CT mice partially reversed the observed increased vessel diameters. Hypoxia-driven ocular angiogenesis is enhanced in TF ⌬CT , but not TF ⌬CT /PAR2 Ϫ/Ϫ mice, 23 and a specific inhibitor of TF-VIIa-PAR2 signaling blocks enhanced angiogenesis of TF ⌬CT mice, 21 consistent with a requirement for PAR2 signaling to reveal a host proangiogenic phenotype in TF ⌬CT mice. In addition, TF ⌬CT and TF ⌬CT /PAR2 Ϫ/Ϫ , but not PAR2 Ϫ/Ϫ mice, had markedly reduced numbers of tumor-associated macrophages (TAMs) in late-stage tumors, indicating that TF cytoplasmicdomain signaling has effects independent of PAR2 in the myeloid compartment to regulate the tumor microenvironment.
The molecular basis for changes in tumor vessel diameters and architecture is poorly understood. One of the regulators of tumor vessel size is the angiopoietin/Tie (Tyrosine kinase with immunoglobulin-like and EGF-like domains) system 37 that is known to be influenced by PAR2 signaling. 38 In the human epidermal growth factor receptor 2 (HER2/neu) transgenic breast cancer model, deficiency in thrombospondin 1 also results in increased vessel size, 39 and thrombospondin is tightly controlled by PAR1 signaling in endothelial cells. 40 Thus, TF-PAR2 signaling in the host compartment may directly or indirectly through crosstalk with host PAR1 signaling determine vessel size.
In the tumor microenvironment, 2 major types of macrophages, M1 and M2, have been described according to the expression of specific markers on their surface and the expression of select cytokines and chemokines. M1 macrophages have a tumoricidal activity and are characterized by the production of tumor necrosis factor (TNF)␣ and interleukin (IL)-6. In contrast, M2 macrophages have tumor-promoting properties and express vascular endothelial growth factor (VEGF), matrix metalloproteinases (MMPs), and IL-10. Thus, M2-polarized TAMs are crucial for host angiogenic responses. 41 Although TAM numbers were reduced in late stage tumors of TF ⌬CT and TF ⌬CT /PAR2 Ϫ/Ϫ mice, this may be compensated by altered signaling in the myeloid compartment that is documented by attenuated adaptive immune responses in TF ⌬CT mice 42 and enhanced microglia activation in neuroinflammation for PAR2 Ϫ/Ϫ mice. 43 A more detailed analysis of TAMs found in TF ⌬CT , PAR2 Ϫ/Ϫ , and TF ⌬CT /PAR2 Ϫ/Ϫ tumors is required to understand the relationship of macrophage phenotypes with vessel architecture in the PyMT model.
The presented data demonstrate a functional overlap of tumor cell TF cytoplasmic domain and PAR2 signaling in supporting the advance of early adenomas to carcinomas that is dependent on the angiogenic switch in early stages of spontaneous breast cancer development in the PyMT model. These data are in excellent agreement with results demonstrating that pharmacological inhibition of direct TF signaling reduced angiogenesis in several tumor models 16, 44 and markedly suppressed colon cancer progression in the mouse. 45 Our data also indicate that interruption of TF signaling perturbs angiogenesis and immune cells in the host tumor microenvironment. While species-selective antibodies had provided clear evidence for an important role of tumor cell BLOOD, 23 DECEMBER 2010 ⅐ VOLUME 116, NUMBER 26 For personal use only. on October 22, 2017 . by guest www.bloodjournal.org From signaling, 16 pharmacological inhibition of TF signaling in the host compartment may provide additional benefits to alter tumor angiogenesis. In clinical breast cancer biopsies, TF and PAR2 are up-regulated in invasive cancer relatively to carcinoma in situ and only patients who showed TF phosphorylation suffered a relapse in a small group of prospectively followed, newly diagnosed breast cancers. 27 The data presented here directly show a tumor-promoting role of the TF cytoplasmic domain. Taken together, TF phosphorylation may serve as a marker for increased tumor cell TF signaling and thus prove to be suitable to identify tumors benefiting from therapy with direct inhibitors of TF signaling complexes.
